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Effects of Single and Combined Pollution of Tetracycline Antibiotics on Physiochemical Properties and Enzyme
Activities of Farmland Soil. L/ Ying'*® | XU Zhao-hu' , XIAO Xue-xia', CAO Ying' (1. School of Ecology and Environ-
ment, Anhui Normal University, Wuhu 241002, China; 2. Collaborative Innovation Center of Recovery and Reconstruction
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na)

Abstract; Oxytetracycline (OTC) and tetracycline (TC) are emerging contaminants frequently present at their pg + kg™
levels in agricultural lands. The effects of wg * kg™' levels of single and combined pollution of tetracycline antibiotics on
soil quality received relatively less attention as yet. In the present study, we spiked 0 (CK), 10, 100 and 500 pg - kg™’
of OTC and TC to farmland soil and tested their single and combined effects in terms of soil physiochemical properties and
enzyme activities using pot experiments. Results show that (1) OTC and TC both significantly increased soil pH values and
decreased the contents of available phosphorus (OP) compared to the control (CK). Meanwhile, the effects of TC on the
growth rate of pH and the inhibition rate of OP were significantly higher than OTCs. Single TC treatment only markedly re-
duced electrical conductivity (EC) at 500 pg - kg™'; single OTC treatment significantly decreased OP content but in-
creased OM content. In addition, the activities of soil polyphenol oxidase (PPO), urease (URE) and sucrase (SUC) in

response to single OTC exposure were significantly lower than the CK. In contrast, single TC treatment significantly de-
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creased the contents of soil OP, OM and available nitrogen (AN) , and reduced the activities of PPO and SUC compared

to the control. (2) Addition of low concentration of TC to some extent alleviated the toxic effect of OTC on soil quality,

and the optimal mitigation effect was observed at the 10 pg * kg™ TC+10 pg -+ kg™ OTC treatment. In contrast, the addi-

tion of relatively higher concentrations of TC enhanced the toxic effects of OTC on soil quality, and such effects increased

with the increasing of OTC concentrations; and the highest toxicity occurred at the 500 pg + kg™ TC+500 pg - kg™ OTC

treatment. PPO activity was significantly reduced in all combined treatments compared to the single OTC treatment, but

URE activity was only significantly inhibited in the 500 pg - kg™ TC + OTC treatment. (3) The redundancy analysis

showed a close correlation between soil physicochemical factors and soil enzyme activities, and pH value could be the key

factor that inhibits soil enzyme activity. In summary, the toxicity of TC is higher than OTC at their respective pg - kg™

levels. Low TC levels antagonize and high TC synergize the effect of combined TC and OTC treatments, respectively.

Key words: tetracycline antibiotics; single pollution; combined pollution; soil physicochemical factor; soil enzyme activ-

ity
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brAERA T EAMEHE, B R EE RN RS
R Y BRGEEI,30% ~ 90% [ 25
PUARACE J5 LA 28 a8 AR 35 7= 9 1) 1 =2 2 R W
A R HE AR AN BB TR E A ML R
J&& A HLZE e FH 2 o it A S R 1Y 61% ~ 88% , HIfifE
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PR A BRI HI LB 10~ 160 mg -
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S AR Y T OTC i Cd 42 445 e i35 10l +
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DU AR R ZE R K 3R XS B (CK) o 2% Ak 3
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Table 1 Setting of TC and OTC treatment level

PUER T/ (g - k™)

i TC OTC
CK 0 0
TC1 10 0
TC2 100 0
TC3 500 0
OTC1 0 10
0TC2 0 100
0TC3 0 500
TC1+0TC1 10 10
TC1+0TC2 10 100
TC1+0TC3 10 500
TC2+0TC1 100 10
TC2+0TC2 100 100
TC2+0TC3 100 500
TC3+0TC1 500 10
TC3+0TC2 500 100
TC3+0TC3 500 500

TC1 . TC2 il TC3 %% TC & &4 %1 10,100 F1 500 pg - kg !,
OTC1. OTC2 #I OTC3 % 77 OTC % & 4% % 3% 10, 100 Fl 500
pe - kg

1.5 HiELESSHITHH

A5 A0 B2 AR A8 Br KIS S 24 1H b o R 22
(meanzSE) F7%. 1| SPSS 22. 0 K6 2 )7
J3H7 (one-way ANOVA) Al LSD %1 Ho v 177 22
SR FEVERR . RH] CANOCO 5. 0 /Xt 1 S
T — S8 A DR 7 i) O AR AT A R 30 I 0 A
(discriminant component analysis, DCA ) F1IT 4370 Mt
(redundancy analysis,RDA)

2 HRE5HM

2.1 MREMITEZE—REFTENKELE
ERBA R

Hi & 2 A1, B & B — TC (TC1 ~TC3) FiH—
OTC(OTC1~O0TC3) kbFH/K P-4, + 3 pH 2 g 3%
FE (P<0.05), F ¥ K R 5K 6.50% Fi
5.05% 1 OP &35 i 2 P IR (P<0. 05) , HAW | %
(SR 7INE BN ) N T o N B O 11 B 875 7
24.98%121.99%, 5 CK A, #— OTC 4b ¥+
B EC fil AN &t #2255 (P>0.05) ,0M &
HREFE (P<0.05) , HIFKFH OTC 7 &1
gt BT aR FEEKR R 34, 94% ; L — TC 2%
AR, 5 CK M EL, X TC3 4b¥R 38 EC 2% 1%
%, B % R 17.31% , TC1 ~ TC2 Zh PR TG I B 2% 5
(P>0.05) ,TC2~TC3 4h¥ + 1 OM A1 AN S5
EREAR (P <0.05), 5 = 40 ] 2 55 00 35 46. 84%
F150.00%
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5 — OTC AbPEAH L, TC1 i1 3 FukF OTC &
Ahb P A e pH A EC & X0 W F A4k (P>
0.05) ,{¢ TC1+OTC3 4bH OM &4 OTC3 4bHAg
3 T RE(P<0.05) ,{H OP FI AN & 34 2 A [F] 72
FER TR i, o, TC1+0TC1 AbBR 2 A 45 3k 51
feff,OM OP FI AN % 5% OTC1 b3 73 i) i 3538
hn 12.54% .36. 46% F1 18.75% , 58— OTC b3
AHEE, TC2 ' TC3 Fi1 3 #/KF- OTC & A Ab 08 A (W]

#*2 TC#H OTC B—REA/THEMRATFEBN R

FREEFEAL 4 EC OM ,OP Al AN & i, $#& 7 1 1
pH, H B IR a3 G w3 kE OTC & 38 b7t , Hor,
TC3+0TC3 ib #5741 il 72 B e K, AT OTC3 Ak
F0 pH T E S5 3.47% ,EC . OM ,OP Hl AN & /4%
] 5 B RRAI 28. 57% .54. 83% 34. 37% 1 78. 57%

iAok A, 13 pH 1 OP & Xf OTC \TC H—
RS2 T et ARk T EC AUk Fe 55 o

Table 2 Effects of single and combined TC and OTC stress on physico-chemical properties of soil

Ab pH FIEEPERR/(mS - em™ ) w(HHLER) /(g - kg™ ) w(HMBE) /(mg - ke™") w(HEE)/ (g kg™")
CK 7.39+0. 12° 1. 04=0. 06 16. 61+0. 99° 47.62+1. 10° 0. 070+0. 005*
TC1 7.76%0. 10 0.97+0. 12° 14.29=0. 73* 42. 86+0. 96" 0. 081+0. 008*
TC2 7.89+0. 03¢ 0. 900. 04* 9. 67+0. 25¢ 35. 1020. 64° 0. 063+0. 007°
TC3 7.96=0. 06° 0. 86+0. 03" 8. 83+0. 391 29.21=0. 651 0.035+0. 010¢
OTC1 7.66+0. 11° 1. 070. 02° 20. 17+0. 93" 40. 32+0. 68" 0. 080+0. 007*
0TC2 7.85+0. 05¢ 0. 96+0. 09° 21.01%0. 67" 38.10+1. 16" 0. 071+0. 006
0TC3 7.78+0. 03¢ 0.910. 04* 26. 06+0. 88° 33. 02+0. 90° 0. 070+0. 006*
TC1+0TC1 7.76+0. 11" 1.100. 12° 22.700. 95" 53.02+1.50° 0. 095+0. 009°
TC1+0TC2 7. 82+0. 08¢ 1. 05+0. 05° 20. 070. 98" 49.21+0. 82° 0. 073x0. 007*
TC1+0TC3 7.830. 04¢ 0.95+0. 06° 21.0120.77" 38.07+0. 90" 0. 0680. 007°
TC2+0TC1 7.89+0. 02¢ 1. 06+0. 01° 21.01x0. 88" 42. 54+0. 85" 0. 049+0. 009"
TC2+0TC2 7.92+0. 02¢ 0. 940. 05° 17. 65+0. 83° 39. 370. 64" 0. 035x0. 005
TC2+0TC3 7. 87+0. 08¢ 0.850.01" 15.97+0. 59° 32. 86+0. 60° 0. 0310. 0079
TC3+0TC1 7.91+0. 03¢ 0.95+0. 03* 14.29+0. 59° 30. 32+0. 741 0. 037+0. 007¢
TC3+0TC2 7.910. 03¢ 0. 850. 06" 16. 37£0. 58° 29.27=+1. 03¢ 0. 028+0. 008"
TC3+0TC3 8. 0520. 04° 0. 65+0. 06° 11.77+0.95° 21. 67+0. 53" 0. 015x0. 009#

TC1,TC2 H1 TC3 F7r TC 443512 10,100 F1 500 pg - kg™ ,0TC1,0TC2 F1 OTC3 Frr OTC &4 59 10,100 F1500 pg - kg™ 7] —5 %k

PR R SOING PR RN 2 A BB AR A7 22 5 .35 (P<0.05)

2.2 MREMTERR—RESGTLENKALE
g iE R R0

M3 3 nlAl, 5 CK ALk, OTC | TC ¥—4h ¥l 4
i AL A (CAT) WG PE 2 BT (A RIR
F B EKF(P>0.05), H— OTC(OTC1 ~ OTC3)
Ab 3 Z By A AL (PPO) | IRk i ( URE ) Fi b i
(SUC) i P44 it 3 I T CK(P<0.05) , i 71
A3k 46.6% (34.25% Fil 90. 42% , Hovp, URE F
SUC yl MM = 4 i % OTC & & FHmi B, A
1 F CK, Bi— TC(TC1~TC3) kP PPO & M4 b %
FEAL(P<0.05) , 3 i % F- 24y 83.72% , {H TCI ~
TC3 4bFH[E) T & 3% 2 5 (P>0.05) ; TC1 ~ TC3 4b B
SUC JE M2 245 F CK(P<0.05) , 4l R E1y
1 86.79% , H & it i) TC3 b3 b 25 e 1K, 1fif TC2
5 TC1 gh3[a] JC i 2% 25 7 (P>0.05) ; {¢ TC3 4b 3
URE 7% & (% T CK, il 2%y 41.28% , 1fif TC1
F1TC2 4b¥E 5 CK ]300 % 22 5 (P>0.05) .

5 OTC AbFEAH L, TC1 TC2 Fi1 TC3 5 3 f
K OTC & A Ab 3 + 38 PPO 1 PR B 2 TR (P<
0.05), ¥ B i 4 5k 83.40% . 72.18% FiI
76.69% ;{1 TC3+0TC3 4bFf + 1% CAT F1 SUC 75
B E AW H (P <0.05), B 53 0 4 19.35% Fi1
73.68% , HAh SR A AbBE CAT TH A4 T B A5 4k (P>
0.05) ,SUC & 4 W) 337 A [m] A% B i 8 305 , 38 iRl 72
13.00% ~284.21% ., 58— OTC AbFAH L, TC1 HI
TC2 5 3 Fpi7K~F OTC & 45 4b#H 1- 58 URE J& MR
[F) AR B Tt sl A 5, 3 IR 8. 11% ~42. 11% , {H %%
A A HbFR A R LA F2 TC1+0TC1 F1 TC2+O0TC1 Ab ¥
5 OTC1 Ab¥[H ¥ JC i 2 22 % (P>0.05) ; TC3 Al
OTC1~O0TC3 & & 4b P URE 7% M) & 3 B (P<
0.05) ,[&ImH 5. 41% ~26. 32% , H TC3+0TC3 kb FH
URE &M A%,

LREOKE 4 Fh - EEEXT OTC TC B — K B &
5 Y b BRI R4 R SUC>PPO>URESCAT,
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Table 3 Effects of single and combined TC and OTC stress on soil enzyme activities

pUBL] RN (mg - g7 ZEBYEALEEEYE (mg - g7')  REMEEETSYE/ (mg - g7") JiR B G/ (mg - g7")
CK 3.070. 04 6.02£0.07° 5.880. 08" 1. 09+0. 09°
TC1 3.09+0. 07° 0. 98+0. 02¢ 1. 18+0. 05¢ 0. 97=+0. 06*
TC2 3.10+0. 08® 0.98+0.01¢ 1. 010. 05¢ 1. 0520. 04
TC3 3.100. 04 0. 98+0. 021 0. 14x0. 05¢ 0. 64=0. 02°
OTC1 3.120. 02° 3.92+0. 04" 1. 1520. 09¢ 0. 84+0. 05"
0TC2 3.10+0. 03° 2.810. 02° 0.35+0. 10 0.74+0.01°¢
0TC3 3.10+0. 05° 2.94+0. 03° 0.19+0. 01# 0.57+0. 03¢
TC1+0TC1 3.10+0. 09* 0. 75+0. 04¢ 4.19+0. 16" 0.79+0. 01"
TC1+0TC2 3.050.01° 0. 46£0. 03¢ 1.01=0. 12¢ 0. 80+0. 01"
TC1+0TC3 3.00+0. 10° 0.420. 02¢ 0.73+0. 10° 0.77+0.01°
TC2+0TC1 3. 10£0. 09" 0. 98+0. 05¢ 1. 31+0. 15¢ 0.79+0. 02"
TC2+0TC2 3.050. 08* 0. 84£0. 044 0. 63+0.20° 0.79+0. 01"
TC2+0TC3 3.01+0. 20° 0. 84+0. 044 0.71=0. 10° 0. 81+0. 05"
TC3+0TC1 3. 00+0. 10° 0. 84+0. 041 2.29=0. 04° 0. 70+0. 02¢
TC3+0TC2 3. 000. 08° 0. 56+0. 04° 0. 84x0. 06° 0.70+0. 09°
TC3+0TC3 2.50£0.20" 0. 84+0. 05¢ 0.05+0. 02" 0.42+0.01°¢

TC1 . TC2 #1 TC3 7R TC & 4312k 10,100 Fl 500 pg - kg™, 0TC1,0OTC2 Hl OTC3 %75 OTC 44351 10,100 H1 500 pg - kg™' o [F—F%k
)5 P SO/ NG FARER R 7R 45 A0 B ) 45 25 7 .35 (P<0.05)

2.3 RETEBEESTIEEMEFZENTR

SrH

DCA Zp#r & R e 1 il B2 {EL (lengths of gra-
dient) /NF 3, A IEEE$E RDA S3 A7 0T f 4 498 il 1% 14
5+ AL PE I (pH \EC ,OM AN il OP) Z [a] 4 5¢

£ RDA S3#r2s R on il 1 Fidl 2 B9t Ry
ik 80% LA I (R 4) ,iX UtH] RDA HEJF Bl REAR b Hb i
B AT S A PR A R, R
A, pH 5 4 B A O T 2 ] 5 i S A OC
SUC ,CAT F1 URE 3 ¥ 5 %0 4 300 A 5%
Ji) 24 5L W 2 TE AR G, PPO T 11 5 A AL T ) 42 4% k3
IEAHSG

F4 TEEEMESTEBEWXETFER RDA 514
Table 4 RDA analysis of the relationship between soil en-

zyme activity and soil physicochemical factors

ORGP R ROERE-TR{L
bR ORI T BRES 7 2t
EY i 1/ % A SEH 4y %
fh1 0. 644 0.931 64. 39 85. 60
2 0. 106 0. 653 74. 94 99. 63
Hh3 0. 002 0.555 75. 15 99.91
h 4 0.001 0.453 75.22 100. 00
3 itie
3.1 tEZMAREE—RERTEN T EEWL
4 J57 B 22 Ml

AR REAERD THE S HRZN 5B E

B REM R (—COOH) , Z Ff AL B A 1 JH fel H: A
AER PR M RE ), 5 L E R 8RR B B
fife 520 IR R AR O A R A
Al LI S BI04 0 52 3% 1, TR] s 2 3wl LA i
T S AR T P L 22 R R A5 R R T g
S5, L B A] 4 AR e HE P AR P BRI 4
?ﬁ‘lﬁz[l&ﬂ),ﬁ—ﬂ] .

0.4
PPO
oM
pH
—~ \
s 0
bel AN
=
o ST,
- SuC
04
a
2 wURE
EC
opP
-0.8
-1.0 -0.5 0 0.5 1.0

RDA1 (64.39% )

PPO [ Z WA AL, CAT il S AL 2085 , URE S Ik , SUC Jy HERHTG
EC Jynl i tEEh, OM A HLTT, AN A 30, OP Sy il .
E1 TEmAMSTEBECEFENTRS T
Fig.1 Redundancy analysis between soil enzyme

activities and soil physicochemical factors

EHWLH OTC\TC Hi— J 5245 4b B 4 4 pH
PR T CK, RIS, B S F R
FT TS BT S — 50, LT Al 52 DY 5 3%
U E R SORSE — 26 LR W), JUH AT e
AR B 1D 400 B 3 1, i DG I E R 20 WA HILIR,
AT 39 pH L FH 7% sk i B 5 %
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B, BRI PP e (SMZ) it + 48 pH S0 A (g 3
MRS G A 25, X WU R [F 2R A
HEHUAE X L pH BRI 2 5 iR R
it 25 R L8 pH AR M A TR IR AT . %
F RS F AT A4 OP S B LT CK,
X5 FRERE L B2 h TCs fi 3% MR + %
OP gt i —2k, M SRR LB TC L3
F1 STONE %5 31 CTC 4bFEXT OP £ 52 i 34 A
TGS AR 2 55 Bh— OTC 4bF I 35 (2 oF 338
OM &5 TH &, b AN & JE W AR, X 5 v 1
a1 IR 4 AR — B, T B — TC fb BR324
i OM Al AN F 4, 3% 5 T He SR 4 WhFe 4 AR
BN SRS R TC b H R 9 OM
FIAN & BB RAETE 22 5. R TISE45 51
()25 5 T B AR 22K R R AR 2 A R G,
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